As part of a large-scale programme to investigate the health effects of exposure to borate minerals in Turkey, boron concentrations in vegetables, fruits and some other foods were determined. From all borate-producing regions of the country, 22 species of fruit, 17 species of vegetable, 12 species of cereal, legume and oilseed, three species of herbs and six types of other food were collected in 1999 and analysed for boron concentrations using the Azomethine H method. The results were compared with 37 types of food collected from areas well distant from the borate-producing areas. The total number of samples evaluated was 420. Pistachio (67.0 mg kg −1 ) had the highest concentration of boron, followed by grape leaf (60.48 mg kg −1 ), sour cherry (57.03 mg kg −1 ), quince (38.78 mg kg −1 ), peach (34.49 mg kg −1 ), grape (20.70 mg kg −1 ), green beans (19.49 mg kg −1 ), unripe peach (18.92 mg kg −1 ) and parsley (10.24 mg kg −1 ) from the borate-producing regions. A large number of foods contained boron at higher concentrations than those reported in the literature, most probably due to the high boron content of these Turkish soils. According to the results of t-tests, the area itself does not have a significant effect (p > 0.05) on boron concentration in all foods evaluated so far.
INTRODUCTION
Boron, ubiquitous in the human environment, is found in relatively small amounts in soils, rocks, surface and underground waters and seas. Weathering of rocks is one of the main and continuous sources of natural discharges to the environment. Leaves of trees also contribute significantly. In addition, borates are released into the human environment through industrial and commercial uses. In addition, in some parts of the world there are large borate deposits and industry has been established thereabouts to produce boron products of diverse uses. Turkey has the world's largest borate deposits. These occupy an area nearly 300 km long and 150 km wide in the northwest part of the peninsula.
Boron is an essential micronutrient for plants for normal growth and optimum crop production. However, its essentiality is confined to narrow concentration limits, as in excessive amounts it becomes a herbicide. 1, 2 It has been shown, in animal experiments, that it exerts an adverse effect on reproduction. The target organ, the testis, becomes atrophied and degenerated at high dose levels. 3, 4 It also shows some developmental effects. 5 Despite a large body of evidence on several topics concerning boron effects on lower animals, there are relatively few human data available; and no specific biochemical function of the various physiological effects of boron has, as yet, been elucidated, except for the mechanism of action on the testis. There is some evidence that boron is also important in human nutrition, especially under conditions of nutritional or metabolic stress, that it contributes to maintaining cell membrane function and stability and that it is involved in enzymatic reactions. Boron works closely with calcium and vitamin D in the preservation of bone mass and the prevention of bone demineralization and stimulates the immune system and inflammatory and hormonal responses. 6, 7 Therefore, it may have significant roles in the prevention and treatment of osteoporosis and osteoarthritis. It positively affects calcium and magnesium metabolism and may be needed for energy-substrate use. 8 -11 Boron's essentiality for humans is presently under consideration and the WHO has recommended boron intakes of 1-13 mg day −1 , replacing earlier proposals of around 1 mg day −1 . 12 There are reports indicating that daily boron intake ranges from 1 to 7 mg. 13 Since Turkey is one of the main suppliers of boron products world-wide, and with their widespread use in numerous items, to study the health effects of boron seemed imperative. In comparing the rates of primary infertility in Turkish subpopulations that had been exposed to borates environmentally and/or occupationally, no differences have been detected between these and the rates from the general population. This has led us to conclude that it does not interfere with human reproduction, either primarily or secondarily. 14 -16 Although other findings of this largescale programme have not yet been worked out, it seemed appropriate to report the boron concentrations of vegetables and fruits from high-boron soils versus low-boron soils as a first step to estimating daily boron intake.
EXPERIMENTAL

Study areas
The study areas were four centres of the country with borate deposits, borate pits and processing facilities ( Table 1) . These are the Bigadic district in and boric acid plants in Bandirma, a harbour city of Balikesir, for further processing and/or shipping. Borate pits, together with their associated facilities, lie close to dwellings of a town or a village. This is exemplified by the side-by-side occurrence of an open-field pit with the walls of a building in the town of Iskele in Bigadic county. Production centres are surrounded, except for Kirka, with pine woods and many other species of tree, and these areas also have a relative drought in summer time. In addition, fields owned by villagers produce almost all kinds of cereals and vegetables, as detailed below. Many people have lived on or near these borate deposits for centuries. Table 1 also gives representative figures of boron concentration in drinking water as regularly determined by Eti Bor AS laboratories. For practical purposes, communities can be divided into three categories: (a) those with a water supply containing a −1 ; (b) those up the province of Balikesir, the village of Kestelek in the province of Bursa, Emet and Hisarcik counties in the province of Kutahya, and the town of Kirka in the province of Eskisehir from western to central Anatolia. The study areas have been shown on a map in an earlier publication. 16 As can be seen in Table 1 , colemanite (calcium borate) and ulexite (sodium -calcium borate) are the dominant borate minerals in three centres, whereas tincal (sodium borate) is the dominant mineral in the other. The presence of several species of minor elements have been elucidated recently. 17 Concentrated ore products are refined in some centres or transmitted to the borax boron concentration of up to 2.0 mg l −1 ; and (c) those with higher concentrations to 10 mg l of boron. These waters are not used for irrigation. Although it is not possible to discern any of the above subclasses precisely, many towns and villages in the neighbourhood of the centres fall into the first subcategory, whereas Osmanca village, Emet and Hisarcik counties can be included in the second. The highest boron concentrations have regularly been measured in Iskele and its neighbourhood. In one street fountain it was around 9 mg l −1 , in another it was near 30 mg l −1 and was even still higher in a well, although this was no longer in use. However, no 
Plant material
Five visits were made in 1999 to the borate regions given in Table 1 and samples were collected directly from the fields or pantries of inhabitants. All these samples, except for the wheat, had been grown adjacent to these homes. In the immediate vicinity of a borate centre, except for summer vegetables, plants are usually not irrigated.
Samples for controls were obtained from bazaars and markets in Ankara. These had been grown in soils relatively poor in boron. Ankara is located near the heart of the Anatolian plateau, where the climate is unsuitable for horticulture and almost all vegetables and fruits are brought in from provinces where the soils are relatively poor in boron. However, cereals marketed and consumed in this city are produced in surrounding territories. The samples obtained were used as controls. To prevent evaporation, samples were brought in ice-packed freezer boxes to the laboratories of the Department of Food Engineering, Faculty of Agriculture, University of Ankara, within 24 h of purchase or sampling. They were washed with tap water containing 0.1 mg l −1 of boron and dried on paper towels. After removing the inedible portion, the samples were cut finely and put in a double polyethylene bag and kept in a freezer at −28 • C. Cereals were sieved, ground and kept frozen as described above. Hulls of the pistachio and sunflower seeds were removed before grinding. Milk and cheese samples were frozen directly. Fruits, vegetables and high water-containing samples were slightly thawed prior to assay and homogenized in a test tube with an Ultraturrax ∨ pulper.
From early summer to late fall, 22 species of fruit, 17 species of vegetable, 12 species of cereal, legume and oilseed, three species of herbs and six types of other food were collected from borate regions and 37 types of food from the Ankara markets. The total number of samples evaluated was 420.
Method
The 'Azomethine H' method was used to determine boron content of samples. Material was accurately weighed (3 -10 g, correct to 0.1 mg) into the crucibles. Owing to the high volatility of boron at lower pH values, the pH was increased up to approximately 7.0 using 0.2 M NaOH solution. After ashing at 500 • C, boron was determined by the colorimetric method of Wolf 18 as adapted by John et al. 19 All analyses were made in duplicate. Where variance was higher than 5%, analyses were repeated. To monitor the reproducibility and sensitivity of the method, standard reference materials of SRM 1573a tomato leaves and SRM 8345 whole milk powder were used as controls (kindly provided by R Greg Downing) and acceptable performance was obtained at each run. The recovery rate of boron from SRM 1573a was 94%. All chemicals used were of analytical grade. To avoid contamination, no glassware was used. Student's t test was used to evaluate the effect of the area on the boron content of foods. In brief, nearly 1000 analyses were performed on 420 samples taken from the above-described regions, including the controls.
RESULTS AND DISCUSSION
The boron contents of all the samples analysed are shown in Table 2 . The data are presented as both means and ranges, since the range, in some cases, was very large. This resulted in the means not reflecting actual values and the standard deviations being too high. On the single sample basis, pistachio had the highest boron concentration (67.00 mg kg −1 ). On the maximum value basis, grape leaf had the highest boron concentration (60.48 mg kg −1 ). Grape leaf is used for preparing mincemeat and rice-containing stuffed meals, one of the main foodstuffs in Turkey and some neighbouring countries, such as Greece. In terms of maximum boron amount, grape leaf was followed by sour cherry (57.03 mg kg −1 ), quince (38.78 mg kg −1 ), peach (34.49 mg kg −1 ), grape (20.70 mg kg −1 ), green beans (19.49 mg kg −1 ), unripe peach (18.92 mg kg −1 ) and parsley (10.24 mg kg −1 ) samples. Because there are several factors involved in boron uptake in plants (see below), these high levels have to be considered normal. There are results indicating 160 mg kg −1 boron in quince. 25 Boron concentrations in this study were considered harmless and should not be a risk to human health at the present state of knowledge. It has to be remembered that the essentiality of boron to humans has been under consideration for some time. High concentrations of boron were found in a decreasing order in unripe almond and pistachio (>30 mg kg −1 ), dried beans, grape leaf, unripe medlar, poppy seeds and sour cherry (20 -30 mg kg −1 ); if one takes into account the average values, almond, clover, grape, grape leaf, loquat, parsley, peach, pistachio, quince and sunflower seeds also contained high (10 -20 mg kg −1 ) amounts of boron. On the other hand, the vast majority of samples contained less than 6 mg kg −1 boron. Most of these had boron concentrations in the range of 0 to 3 mg kg −1 . Owing to the limited number of controls, 13 of the 24 foodstuff species were analysed statistically using Student's ttest to evaluate the effect of the area on the boron content of the foods. In statistical analysis, these 13 species were compared with corresponding control values. According to the results, the area itself does not have a significant effect on the boron concentration in any of the foods evaluated so far (p > 0.05). It is well known that, besides genetic factors, other factors such as the pH of the soil, temperature, light intensity, boron, calcium, potassium and humus content and dryness of the soil contribute to boron uptake in plants. 26, 27 Of these, the pH of the soil seems to be of prime importance and the boron content of the soil is Boron concentrations in selected Turkish foods one of the other factors effective on boron uptake of plant.
In some countries, such as Nepal, the Philippines, India, Thailand and Nigeria, boron deficiency appears to be common due to the low boron content of their soils. On the other hand, countries such as Iraq, Mexico, Pakistan and Turkey usually have problematic soils containing too much boron. 26 A large number of foods in Turkey contain boron at concentrations higher than those reported in the literature, most probably due to the high boron amount of Turkish soils. Moreover, it seems apparent that the element is bio-available to plants depending on several factors mentioned below. Based on the average values presented here for most foods, and the fact that boron does not affect human reproduction adversely, as revealed through the study of communities on/near borate deposits, 14 -16 one would consider that boron intakes of 10 -20 mg day −1 are safe.
The information presented here has both limitations and implications. The most important of the former is the lack of data relating to boron contents of soils, even though the study areas are parts of the same geological zone, namely a boron-rich territory. On the other hand, this work is the first of its kind, so no comparisons can be made. One would expect some fluctuations from region to region reflecting boron concentrations in plants grown there. In this context, it has to be underlined that most villagers use manure from their own barns instead of boronenriched fertilizers and do not irrigate vegetables with tap water. It is rather difficult to discriminate between too many of the variables because of unavoidable dust fallouts being deposited on the pantries close to the pits or the roads due either to ore-carrying trucks or just seasonal winds. Samples from Ankara would not be good either, because most of the food items are grown artificially in western and southern greenhouses. However, the samples used here were brought from surrounding field crops. Nevertheless, the boron contents in many plant species grown in natural conditions on the boronrich soils described here are similar to those reported from other countries, 21 -24 implying that the genetic capacity of a plant species to incorporate borates is the main variable. It then seems conceivable to suggest that the intake of boron by humans via foods may be well above the amount once estimated of 0.70 -0.91 mg day −1 , 28 particularly in those areas under discussion.
